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SUMMARY 


We  have  isolated  and  sequenced  a  cDNA  clone  encoding  the  mouse  mLAMP-1 


major  lysosomal  membrane  glycoprotein.  The  deduced  protein  sequence,  which 


included  the  N^-terminal  portion  of  the  mLAMP-1  molecule,  consisted  of  382 


amino  acids  (Mr  41,509).  The  predicted  structure  of  this  protein  included 


an  Nl^-terminal  intralumenal  domain  consisting  of  two  homology  units  of 
approximately  160  residues  each,  separated  by  a  proline-rich  hinge  region. 


Each  homology  unit  contained  four  cysteine  residues,  with  two  intercysteine 


intervals  of  36  to  38  residues  and  one  of  68  or  76  residues.  The  molecule 


also  contained  20  Asn-1 inked  glycosylation  sites  within  residues  1  to  287,  a 


membrane- spanning  region  from  residues  347  to  370,  and  a  carboxyl -terminal 


cytoplasmic  domain  of  12  residues.  The  biochemical  properties  and  amino 


acid  sequence  of  mLAMP-1  were  highly  similar  to  those  of  two  other  molecules 


that  have  been  studied  as  cell  surface  onco-differentiation  antigens:  a 


highly  sialylated,  polylactosaminoglycan-containing  glycoprotein  isolated 


from  human  chronic  myelogenous  leukemia  cel ls^(Vii tala,  J.,  Carlsson,  S.R., 


Siebert,  P.D.  and  Fukuda,  M.,  manuscript  submitted),  and  the  mouse  gpl30 

.  i'-ct  O* 

(P2B)  glycoprotein,  in  which  an  increase  in(£yI-6  branching  of  Asn-1 inked 


oligosaccharides  has  been  correlated  with  metastatic  potential  in  certain 


tumor  cells  vfOennis,  j.  w.,  Laferte,  S.,  Waghorne,  C.,  Breitman,  M.L.,  and 


Kerbel,  R.S.  [1987]  Science  236,  582-585) 
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Glycoproteins  localized  primarily  in  the  limiting  membrane  of  lysosomes 
have  recently  been  identified  in  mouse  (1-4),  rat  (5-7),  chicken  (8),  and 
human1  cells.  These  major  constituents  of  the  lysosomal  membrane  represent 
a  significant  fraction  of  the  total  cell  membrane  glycoprotein  and  are 
notable  for  their  extensive  glycosylation.  A  number  of  the  molecules 
consist  of  a  ~40-k0a  core  polypeptide  substituted  with  up  to  20  Asn-1 inked 
complex-type  oligosaccharides.  The  composition  of  these  oligosaccharides 
differs  markedly  in  various  cells,  as  indicated  by  a  broad  range  in  apparent 
Mr  of  the  mature  glycoproteins  (100  to  150  kDa). 

We  report  here  the  isolation  and  sequencing  of  a  cDNA  clone  encoding 
the  mouse  LAMP-1  (mLAMP-1)  lysosomal  membrane  glycoprotein  and  the  predicted 
primary  structure  of  the  molecule.  The  amino  acid  sequence  of  this  protein 
is  compared  to  those  of  mouse  and  human  tumor  cell  glycoproteins  containing 
oligosaccharides  whose  unique  structures  have  been  found  to  be  associated 
with  cell  differentatlon  and  oncogenesis  (9,10). 

EXPERIMENTAL  PROCEDURES 

Analysis  of  Amino  Acid  Sequences  of  mLAMP-1  -  Mouse  mLAMP-1  was 
purified  by  monoclonal  antibody  affinity  chromatography  from  3T3  and  P388 
cells  as  described  previously  (11),  with  the  following  modifications:  Prior 
to  elution  of  the  protein  from  the  antibody  column,  the  column  was  washed 
with  borate  buffer  (100  mM  Na  borate,  pH  8.5,  with  1  M  NaCl)  containing  0.5% 
octyl glucoside  (Calblochem)  instead  of  Triton  X-100.  The  protein  was 
eluted  with  100  mM  diethylamine  (pH  11.5)  containing  0.5%  octylglucoside 
into  a  neutralizing  solution  containing  0.1  volume  of  0.5  M  NaH2P04  (pH 
7.4.).  Fractions  containing  the  purified  antigen  were  pooled  and 
concentrated  by  negative  pressure  dialysis  against  20  mM  NaP04  (pH  7.5) 
containing  0.25%  octylglucoside  and  fractionated  on  a  TSK  3000  size 
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separation  high  pressure  liquid  chromatography  (HPLC)?  column  in  the  same 
buffer.  Fractions  containing  pure  antigen  were  pooled  and  concentrated  to 
50  ul  in  0.1%  SDS  using  a  Centricon  microcentrator  (Amicon).  The  NH2- 
terminal  amino  acid  sequence  of  pure  mLAMP-1  from  3T3  cells  or  P388  cells 
(300  pmoles  from  each)  was  determined  in  duplicate  by  use  of  an  automated 
gas-phase  sequencer  (Applied  Biosystems)  (12,13).  Sequence  analysis  was 
also  performed  on  peptides  of  the  affinity-purified  protein  prepared  by 
digestion  with  trypsin  after  reduction  with  dithiothreitol  and  alkylation 
with  iodoacetamide  (14).  The  peptide  fragments  were  separated  by  reversed 
phase  HPLC  on  a  Vydac  C-4  column. 

A  mouse  embryo  BALB/c  3T3  cDNA  expression  library  in  A  gtll  (Clontech 
Laboratories)  was  screened  with  polyclonal  antisera  raised  against  purified 
mLAMP-1  glycoprotein,  as  described  (15,16).  Approximately  3  X  10^  phages 
were  plated  in  NZY  agarose  and  incubated  at  42°  C  for  3  h.  The  plates  were 
then  overlaid  with  nitrocellulose  filters  impregnated  with  10  mM 
isopropylthiogalactoside  and  incubated  for  2.5  h  at  37°  C.  Filters  were 
blocked  with  fetal  bovine  serum  and  incubated  with  a  1:50  dilution  of  the 
polyclonal  antiserum  that  had  previously  been  absorbed  twice  using  A  gtll 
phage  without  inserts  (17).  An  avidin/biotin/alkaline  phosphatase  detection 
system  was  used  to  detect  antibody-binding  clones  (18).  Putative  positive 
clones  were  selected  and  plaque  purified  (19).  DNA  was  isolated  and 
digested  with  EcoRl.  and  the  cDNA  insert  (1800  bp)  was  subcloned  into  M13 
mp9  (20,21).  Deletion  clones  were  prepared  (22)  and  overlapping  subclones 
were  sequenced  by  the  dideoxy  method  (23)  in  duplicate:  once  with  DNA 
polymerase  I,  Klenow  fragment,  and  once  with  T7  DNA  polymerase.  Areas  of 
overlap  between  the  clones  usually  included  20-40  bp.  Portions  of  the 
sequence  were  derived  independently  from  both  DNA  strands. 
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RESULTS 

mLAMP-1  was  purified  from  both  mouse  embryo  3T3  and  mouse  P388 
histiocytic  lymphoma  cell  lines  by  antibody  affinity  chromatography  (11)  and 
TSK  3000  size  separation  HPLC.  The  purified  fractions  from  each  cell  type 
contained  a  single  protein  of  >90%  purity,  as  assessed  by  polyacrylamide  gel 
electrophoresis  and  silver  staining  or  by  autoradiography  of  _i abeled 
protein  (2).  The  ^-terminal  amino  acid  sequences  of  the  purified  proteins 
were  determined  by  automated  Edman  degradation  and  analysis  of  the 
phenylthiohydantoin-amino  acid  products.  Although  mLAMP-1  molecules  from 
3T3  and  P388  cells  were  markedly  heterogeneous  and  differed  significantly  in 
apparent  Mr,  the  provisional  ^-terminal  amino  acid  sequences  of  the  two 
molecules  were  identical  through  residue  33:  Leu  Phe  Glu  Val  Lys  Asn  X  Gly 
Thr  Thr  X  lie  Met  Ala  Ser  Phe  Ser  Ala  X  Phe  Leu  Thr  Thr  Tyr  Glu  Thr  Ala  X 
Gly  Ser  Gin  lie  Val.  The  predicted  amino  acids  for  the  unidentified 
residues,  Asn  at  the  potential  N-glycosylation  sites  at  positions  7  and  28 
and  Cys  or  Ser  at  positions  11  and  19,  were  confirmed  by  nucleotide 
sequence,  as  shown  below.  Sequence  analysis  was  also  performed  on  three 
peptides  obtained  by  reversed  phase  HPLC  of  the  products  of  tryptic 
digestion. 

A  mouse  embryo  3T3  cDNA  expression  library  in  ^gtll  was  screened 
with  polyclonal  antiserum  recognizing  the  purified  LAMP-1  glycoprotein.  A 
positive  clone  containing  a  cDNA  insert  of  1800  bp  was  purified,  and  the 
cDNA  insert  was  subcloned  in  M13  vectors  and  sequenced  (Fig.  2).  The  amino 
acid  sequences  deduced  from  the  cDNA  sequence  were  identical  to  those 
obtained  by  protein  sequencing  of  residues  3  to  33  of  the  NHg-terminus  and 
of  three  tryptic  peptides  (residues  67  to  76,  80  to  87,  and  105  to  116)  of 
the  purified  protein,  thus  confirming  the  identity  of  the  cDNA.  The  cDNA 
lacked  the  sequence  corresponding  to  the  two  NH2*terminal  amino  acid 
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residues  identified  by  protein  sequencing,  possibly  due  to  an  artifact  of 
library  construction.  The  cONA  also  lacked  a  5’ -untranslated  sequence, 
initiator  methionine,  and  signal  sequence.  A  termination  sequence  and  a  3’- 
untranslated  sequence  of  711  nucleotides  followed  nucleotide  1155.  A 
putative  transcription  termination  signal,  AATAAA  (25),  was  present  at 
nucleotide  residues  1860  to  1865. 

The  polypeptide  deduced  from  the  cONA  sequence  contained  382  amino 
acids,  with  an  Mr  41,509  (Fig.  1).  The  NHg-terminal  90%  of  the  sequence 
formed  two  homology  units  comprising  residues  1  to  165  and  188  to  344. 

These  two  sequences  showed  37  identities  out  of  154  possible  matches,  with 
an  ALIGN  score  (25)  of  9.34  SO  (Fig.  2).  The  homology  units  were  separated 
by  a  potential  hinge  region  that  was  rich  in  prolines,  was  strongly 
hydrophilic,  and  had  no  oc  -helical  component.  These  NHg-terminal  domains 
also  contained  a  total  of  20  potential  Asn-1 inked  (Asn-X-Ser  or  Asn-X-Thr) 
glycosylation  sites  and  eight  cysteine  residues,  four  of  which  were 
uniformly  spaced  at  intervals  of  36  to  38  residues  and  two  at  intervals  of 
68  and  76  residues.  A  strong  hydrophobic  region  of  24  amino  acids,  residues 
347  to  370,  occurred  near  the  carboxyl -terminus  (Fig.  3);  the  hydrophobicity 
and  absence  of  glycosylation  sites  and  of  positively  charged  residues  make 
this  carboxyl  domain  a  strong  candidate  for  the  membrane-spanning  region. 

The  remaining  short  carboxyl -terminal  sequence,  residues  371  to  382,  would 
then  constitute  the  cytoplasmic  domain  of  the  molecule.  The  secondary 
structure  characteristics  of  the  protein,  predicted  by  the  algorithms  of 
Gamier  gi  al.  (26)  and  Kyte  and  Doolittle  (27),  included  37%  /6-sheet,  21% 
/3- turns,  23%  random  coil  and  19%  <X-helix. 

We  have  found  that  mLAMP-1  is  closely  similar  in  biochemical  properties 
and  amino  acid  sequence  to  two  leukemia  cell  glycoproteins  that  have  been 
studied  as  possible  onco-differentiation  antigens.  The  first  of  these 
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molecules  is  gpl30  (P2B),  a  highly  glycosylated  glycoprotein  with  a  core 
polypeptide  of  about  33  kDa  that  has  been  isolated  from  the  mouse 
metastatic  tumor  cell  line  MDAY-D23.  The  P2B  molecule  is  of  interest 
because  changes  in  its  concentration  of  1-6-branched  Asn-1 inked  oligo¬ 
saccharides  have  been  shown  to  correlate  with  the  metastatic  potential  of 
the  cells  in  which  it  is  expressed  (9).  The  provisional  NH2-terminal  amino 
acid  sequence  of  20  residues  from  P2B  is  90%  identical  to  that  of  mLA'IP-1, 
and  our  monoclonal  antibody  against  mLAMP-1  cross-reacts  with  P2B.3 

mLAMP-1  is  also  closely  similar  to  a  highly  sialylated, 
polylactosaminoglycan-containing  glycoprotein  that  has  been  studied  as  a 
differentiation  marker  in  hematopoietic  cells  (10)  and  has  been  purified 
from  human  chronic  myelogenous  leukemia  cells.*  In  an  exchange  of  reagents 
with  Dr.  M.  Fukuda,  La  Jolla  Cancer  Research  Foundation,  it  was  found  that 
this  purified  human  leukemia  cell  glycoprotein  was  immunoprecipitated  by  our 
monoclonal  antibody  directed  against  hLAMP-1,  the  human  analogue  of  mLAMP- 
1.*  A  cDNA  clone  encoding  the  leukemia  cell  glycoprotein  has  been  isolated 
and  sequenced,*  and  the  protein  predicted  from  these  data  contains  an  NH2- 
terminal  sequence  (residues  14  to  37)  which  is  identical  to  that  of  hLAMP- 
1,  as  determined  by  direct  protein  sequence  analysis.  The  human  leukemia 
cell  glycoprotein  is  also  very  similar  to  mLAMP-1  (Fig.  4).  These  two 
proteins  have  an  Identical  sequence  in  66%  of  their  residues  (252  of  382 
residues),  all  cysteines  are  conserved,  and  13  of  the  20  potential  Asn- 
1  Inked  glycosylatlon  sites  on  the  mouse  protein  are  conserved  in  the  human 
protein.  This  leukemia  cell  protein  and  mLAMP-1  also  share  20  conservative 
substitutions  (I  to  V,  D  to  E,  or  R  to  K).  Moreover,  the  carboxyl -termini 
of  the  two  molecules  are  almost  totally  conserved,  with  a  stretch  of  35 
Identical  amino  acids  broken  only  by  two  neutral  I  to  V  substitutions. 

A  search  of  The  National  Biomedical  Foundation  Protein  Databank  did  not 


reveal  significant  amino  acid  sequence  similarity  of  mlAMP-1  to  any 
additional  proteins. 
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DISCUSSION 

The  amino  acid  sequence  predicted  from  the  cDNA  clone  of  mLAMP-1 
further  elucidates  the  structure  of  the  LAMP-1  class  of  lysosomal  membrane 
glycoproteins.  The  41,509-Da  mLAMP-1  molecule  contained  20  potential  Asn- 
llnked  glycosylatlon  sites  (consistent  with  previous  predictions  of  18  to  20 
Asn-1 inked  oligosaccharides  [4,5]),  all  occurring  in  the  NH2-terminal  70%  of 
the  molecule.  A  single  highly  hydrophobic  and  putative  membrane- spanning 
region  occurred  at  residues  347  to  370  near  the  carboxyl  terminus, 
suggesting  that  the  majority  of  the  mLAMP-1  molecule  resides  in  the  lumen 
of  the  lysosome  and  only  a  short  (12  amino  acid)  domain  extends  into  the 
cytoplasm.  An  internal  homology  was  found  between  the  two  halves  of  the 
intralumenal  domain,  providing  evidence  that  these  sequences  were  derived  by 
gene  duplication.  The  principal  basis  for  the  high  homology  score  obtained 
was  the  alignment  of  Cys  and  neighboring  residues  in  the  homology  units. 

The  regular  spacing  of  these  residues  suggested  the  occurrence  of  a  pair  of 
immunoglobulin- like  (V-related)  loops  generated  by  disulfide  bonds  linking 
Cys  50  to  125  and  235  to  303.  The  interval  between  Cys  residues 
(approximately  70  amino  acids)  was  appropriate  for  a  V-related  sequence,  and 
the  carboxyl -terminal  region  of  each  homology  unit  contained  the  Y-X-C  group 
common  to  immunoglobul in  superfamily  sequences  (28).  However,  none  of  the 
other  sequence  patterns  characteristic  of  the  immunoglobulin  superfamily 
were  found  In  the  remaining  portion  of  the  two  mLAMP-1  domains. 

Furthermore,  ALIGN  scores  indicated  that  there  was  no  significant  sequence 
identity  between  the  20  residues  preceding  and  following  the  Cys  residues  of 
the  two  LAMP  domains  and  those  of  immunoglobulin  superfamily  V  or  V-related 
domains.  More  information  concerning  the  disulfide  bonding  and  3- 
dimensional  structure  of  the  LAMP-1  molecule  must  be  obtained  before  the 
possibility  of  a  relationship  between  LAMP  and  Ig-related  molecules  can  be 
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determined.  Such  a  relationship  would  be  of  particular  interest  because  it 
would  suggest  a  potential  receptor  function  for  the  LAMP  molecule  (28). 

The  interspecies  sequence  similarity  (66%  identity)  of  mLAMP-1  and  the 
human  leukemia  cell  glycoprotein  corresponding  to  human  hLAMP-1  also  extends 
to  the  chicken  LEP100  molecule  (29)  which  has  approximately  44%  identity  to 
mLAMP-1.  Overall,  159  residues  are  common  to  the  three  proteins,  including 
each  of  the  eight  cysteine  residues.  Moreover,  the  three  molecules  are 
virtually  identical  in  the  sequence  of  their  hydrophobic  domains  (residues 
347  to  370)  and  their  short  carboxyl -terminal  cytoplasmic  segments,  implying 
that  these  carboxyl -terminal  domains  may  have  functional  roles.  The  chicken 
cDNA  sequence  has  in  addition  a  5’ -untranslated  region  of  466  bases  and  an 
initiator  methionine  and  signal  sequence  of  18  residues  that  are  lacking  in 
the  mLAMP-1  cONA.  An  initiator  methionine  is  also  present  in  the  human 
leukemia  cell  cDNA  sequence,  but  an  apparent  signal  sequence  of  eight 
residues  is  followed  by  a  gap  that  includes  12  amino  acids  of  the  NHg- 
terminus  of  the  protein.  The  close  similarity  between  the  mouse,  chicken, 
and  human  proteins  suggests  that  these  are  homologous  molecules  of  the 
different  species  or  that  they  are  closely  related  proteins  that  have  arisen 
by  gene  duplication. 

The  close  similarity  of  the  mouse  P2B  and  the  human  leukemia  cell 
glycoproteins  to  the  LAMP-1  molecules  has  identified  these  onco- 
differentiation  antigens  as  lysosomal  membrane  glycoproteins3’4.  The  role 
of  these  glycoproteins  as  cell -surface  antigens  implies  that  movement  of  the 
molecules  from  the  lysosome  to  the  plasma  membrane  must  occur;  this 
phenomenon  has  already  been  demonstrated  for  the  chicken  LEP-100  molecule 
(8).  A  small  fraction  of  the  LAMP-1  molecules  (<10%)  has  been  found  on  the 
surface  of  the  mouse  macrophage-like  cell  line  P388  (1)  and  the  human  U937 
and  HL-60  myelomonocytic  leukemia  cells. *  This  expression  of  LAMP-1  on  the 
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cell  surface  may  be  related  to  the  state  of  differentiation  of  the  cell  and 
may  reflect  an  alteration  in  the  ol igosaccharide  composition  of  the 
molecules  as  well  as  selective  movement  of  a  fraction  of  the  LAMP-1 
molecules  to  the  plasma  membrane.  Such  a  model  is  consistent  with  the 
marked  difference  in  the  concentration  of  LAMP-1  observed  on  the  surface  of 
various  human  blood  cells  (with  the  highest  levels  found  on  U937  and  HL-60 
myelomonocytic  leukemia  cell  lines  and  none  on  normal  peripheral  blood 
monocytes)  and  the  reduction  in  the  cell -surface  expression  of  this  molecule 
that  occurs  when  the  leukemia  cells  are  induced  to  differentiate  to  cells 
resembling  mature  macrophages  or  granulocytes. 1  Alterations  in  N-l inked 
oligosaccharide  composition  of  particular  glycoproteins  (including 
incomplete  processing,  increased  sialic  acid  and  polylactosamine  content, 
and  increased  branching  of  the  trimannosyl  core)  have  been  observed  in  a 
number  of  differentiating  or  oncogenically  transformed  cells  (30-33).  These 
alterations  have  been  shown  to  affect  a  variety  of  processes,  including 
substrate  adhesion  and  tumor  progression  (9,  34-36).  In  particular, 
experiments  have  linked  an  increase  in  sialic  acid  and  polylactosamine 
content  to  an  increase  in  metastatic  potential  of  certain  tumor  cells  (9), 
and  the  P2B  homologue  of  LAMP- 1  has  been  identified  as  the  major  cell 
component  in  which  such  an  increase  occurs. ^  Furthermore,  it  has  been 
reported  that  purified  P2B  binds  to  immobilized  collagen  and  that  removal  of 
sialic  acid,  polylactosamine  or  complete  Asn-linked  chains  from  the  molecule 
enhances  its  binding  to  extracellular  matrix  proteins,  including  collagens, 
laminin,  and  fibronectin.^  These  finding  suggest  that  in  vivo  alterations 
in  the  oligosaccharide  composition  of  LAMP-1  and  related  glycoproteins,  in 
combination  with  the  expression  of  the  modified  molecules  on  the  cell 
surface,  could  have  significant  consequences  for  processes  such  as  adhesion, 
metastasis,  and  immune  recognition. 
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FIGURE  LEGENDS 

Fig.  1  cDNA  and  deduced  amino  acid  sequence  of  mLAMP-1  lysosomal  membrane 
glycoprotein.  Nucleotides  and  amino  acids  are  numbered  at  the  left  of  each 
line.  The  predicted  protein  sequence  from  amino  acid  residue  3  to  382  is 
shown  below  the  DNA  sequence.  ++,  the  NH2-terminal  amino  acids  (Leu  and 

Phe)  Identified  by  protein  sequencing;  _ ,  regions  for  which  direct  amino 

acid  sequence  of  LAMP-1  was  obtained;  #,  Cys  residues;  *,  potential  Asn- 
linked  glycosylation  sites;  ,  proposed  membrane- spanning  region;  ---, 
stop  codon;  .  putative  transcription  termination  sequence  (24). 

Fig.  2  Internal  alignment  of  mLAMP-1  sequences.  The  mLAMP-1  sequences  of 
residues  1  to  165  and  188  to  344  were  compared  by  the  ALIGN  program  (25), 
with  a  bias  of  6  and  penalty  of  6,  against  150  random  runs.  The  alignment 
score  -  9.34  SD.  #,  Cys  residue. 

Fig.  3  Hydropathy  plot  of  mLAMP-1.  Hydropathy  values  were  determined 
using  the  algorithm  of  Kyte  and  Doolittle  (27),  with  a  window  of  n«ll.  Each 
point  represents  a  single  amino  acid.  Potential  Asn-1 inked  glycosylation 
sites  (arrows)  of  type  Asn-X-Ser  or  Asn-X-Thr  and  the  predicted  membrane- 
spanning  region  (box)  are  indicated  on  the  stick  diagram  below  the 
hydropathy  plot. 

Fig.  4  Amino  acid  sequence  similarity  between  mLAMP-1  and  a  human  leukemia 
cell  glycoprotein.*  The  mouse  sequence  (top)  is  represented  in  the 
standard  one-letter  code.  For  the  human  sequence  only  amino  acids  different 
from  the  mouse  protein  are  shown.  Alignment  was  carried  out  using  the 
accepted  point  mutation  values  (PAM)  of  Dayhoff  gi  ii.  (25).  Identical 
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FOOTNOTES 

Mane,  S.M.,  Marzella,  L.,  Sainton,  D.F.,  Holt,  V.K.,  Cha,  Y.,  Hildreth, 
J.E.K.,  and  August,  J.T.  Purification  and  characterization  of  human 
lysosomal  membrane  glycoproteins  and  their  presence  in  the  plasma 
membrane  of  myelomonocytic  leukemia  cells  (manuscript  in  preparation). 


2.  The  abbreviation  used  is:  HPLC,  high  pressure  liquid  chromatography. 

3.  Laferte,  S.,  and  Dennis,  J.W.  Purification  of  two  glycoproteins 
expressing  /*l-6  branched  Asn-1 inked  oligosaccharides  commonly 
associated  with  the  malignant  phenotype  (manuscript  submitted). 

4.  Viitala,  J.,  Carlsson,  S.R.,  Siebert,  P.D.  and  Fukuda,  M.  A  human 
lysosomal  membrane  glycoprotein  consists  of  two  heavily  N-glycosylated 
domains  separated  by  a  hinge  region  (manuscript  submitted). 

5.  Laferte,  S.,  and  Dennis,  J.W.  Collagen-binding  activities  of  two 
membrane  glycoproteins  are  modulated  by  their  glycosylation 
(manuscript  submitted). 
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